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Additional Methods

Molecular dynamics force field details
Topologies compatible with the Martini 1,2 coarse-grain (CG) model were built for all five phytochemicals used in this work. CG to atomistic structural mapping, shown in Supporting Fig.   S5 , was chosen according to the chemical composition of the compounds. The chemical nature of the underlying atomistic building blocks guide the selection of appropriate CG bead types to best match the atomistic properties 2 . Bond, angle and dihedral potentials were calibrated to reproduce the corresponding distributions extracted from atomistic resolution simulations. The GROMOS 53A6 3 force field was used in the atomistic simulations and the topologies were generated for all the phytochemicals using the Automated force field Topology Builder (ATB) 4 .
Each compound was simulated for 100 ns in a box of SPC water using the GROMACS 4.x simulation package 5, 6 and standard GROMOS 53A6 3 parameters e.g. 2 fs time step, Berendsen thermostat (310 K, τ T = 0.1 ps) and barostat (1 bar, κ P = 4.6e -5 bar −1 , τ P = 0.5 ps) 7 , and the relative permittivity of the reaction-field set to 62. The CG Martini topologies can be found via www.cgmartini.nl.
Molecular dynamics simulation details
All CG simulations were done using the GROMACS 4.x simulation package 5, 6 , a time step of t = 20 fs and the standard Martini simulation parameters 1,2 . The temperature and pressure were controlled using the Berendsen thermostat and barostat 7 . The temperature was kept at 310 K with a τ T = 1.0 ps and the pressure at 1 bar using a semi-isotropic pressure scheme with compressibility κ P = 3e -4 bar −1 and relaxation time τ P = 2.0 ps. For calculating the phytochemicals bilayer density and changes to the lateral pressure profile the phytochemicals were placed in the water phase above a pre-equilibrated CG 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine (POPC) bilayer in a 1:10 lipid to phytochemical mol ratio. Each simulation was run for 2.5 µs and the last 2 µs were used for analysis. Bilayer thickness was measured as the average distance between the POPC phosphate (PO4) head group beads in the opposing bilayer Promiscuous Phytochemicals leaflets and the area per lipid as the average bilayer area divided by the number of lipids per leaflet. Average tail order is the average second-rank order parameter (P 2 ) for the tail and tail lipid backbone bonds. The P 2 and apparent area compressibility (K A ) were calculated as described by Marrink et al. 1 , without correcting for membrane undulations. The lateral pressure profiles were determined using a modified version of the GROMACS package, which is available via www.gromacs.org and follows a formalism described previously 8, 9 . Briefly, the lateral pressure, π(z), may be obtained as the difference between the lateral, P L , and normal, P N , components of pressure tensor, that is: P L =(P XX +P YY )/2 and P N =P ZZ . In practice the system is first divided into a 3D grid with a 0.3 nm cell size. The local pressure tensor is then analyzed for each grid point and averages are calculated for x,y plane along the normal of the bilayer (z-axis).
The bilayer bending modulus (K c ) was estimated using Evans polymer brush model 10 , according to the formula K c =(K A *(bilayer thickness) 2 )/24, and the lipid spontaneous curvature (K 0m ) and the bilayer elastic ratio are based on the first and second moments of the lateral pressure profile, as described in 11 , see results in Supporting Table S2 .
To quantify the phytochemicals' changes to the bilayer deformation energy the potential of mean force (PMF) of dragging a large bead across a CG POPC bilayer was measured, with and without the phytochemicals. A Lennard-Jones (LJ) particle was used as a probe and was designed to interact strongly with the Martini beads representing the choline, phosphate and glycerol groups in POPC (Q0, Qa and Na bead types) and weakly with everything else (including all the phytochemicals). The LJ parameters are σ = 0.92 nm for both the weak and strong interactions and ε = 5.0 and 200 kJ/mol for the weak and strong interactions, respectively. Note, however, that due to the shift function used with Martini 2,12 , the effective deepest well depths are 0.12 and 4.62 kJ/mol for the weak and the strong interactions, at a bead-to-bead distance of r = 1.07 nm. The pulling simulations were run with the same parameters as described above, except that the velocity rescale thermostat 13 (T = 298 K, τ t = 1.0 ps) and Parrinello-Rahman barostat (P = 1.0 bar, τ p = 4.0 ps) was used. The initial bilayer patch was created using an in-house script (insane.py) and consisted of 132 lipids in both monolayers at a hydration level of ~50 waters
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Page S4 of 24 Promiscuous Phytochemicals (~12.5 CG water beads) per lipid. 13 phytochemical molecules were added to each monolayer, ~10 mol%. Systems were equilibrated for 500 ns with the probe restrained at the starting position (4 nm from the bilayer center). Next, the probe was pulled through the bilayer at a rate of 8•10 -5 nm/ps, using a harmonic restraining potential of 1000 kJ/(mol nm 2 ). From these simulations 81 frames were extracted with the probe particle equally spaced between -4 -4 nm distance from the bilayer center. These frames were subsequently used as starting structures for 100 ns simulations at each PMF window, during which the bead was restrained at a constant position using the same harmonic potential. The windows were analyzed using the implementation of the were not able to measure any significant accumulation of phytochemicals around the probe.
Phytochemical preferential orientation relative to the probe was also not observed.
To check the distribution of the phytochemicals in the bilayer, and their effects on bilayer properties as estimated from the CG simulations, short POPC atomistic simulations were run without and with the phytochemical (at a 1:10 phytochemical to lipid molar ratio). The same
Page S5 of 24 Promiscuous Phytochemicals atomistic parameter and force fields described in the Molecular dynamics force field details section, above, were used with the addition of POPC parameters, which were generously provided by Alex H. Vries (topologies available on demand). The last frame of the 2.5 ms long CG simulations was backmapped into atomistic coordinates using the reverse transformation method of Wassenaar et al. 15 and each condition simulated for 250 ns. Average properties were calculated from the last 200 ns of the simulation in the same manner as in the CG simulations except the phosphate-phosphate distance was used to estimate bilayer thickness. Lateral density profiles are shown in Supporting Fig. S3 and all average bilayer properties are reported in Supporting Table S2 (provided in a separate Excel file). Please note the phytochemicals force field were generated by ATB with little manual curation and therefore these simulations should only be considered as support for the CG results and to provide an overall indication of the bilayer effects of the phytochemicals and not as detailed studies on their nature.
Continuum model estimates
The required changes in bilayer material properties to increase gA function by 10 fold were estimated using the continuum elastic model of Nielsen and Andersen 16, 17 . A changes in gA rate, (free energy difference for the transition between gA monomers and dimmers) of 10, meaning that is changed be <6 kJ mole -1 . In a bilayer with a bilayer hydrophobic thickness of 3.4 nm 18 (the DC22:1PC vesicles in the gA based fluorescence assay), a gA dimer with a hydrophobic length of the 2.2 nm 19-21 , a bilayer spring constant (H B ) of ~100 kJ (mole⋅nm 2 ) -1 , a contact slope at inclusion-bilayer boundary (s) of 0, and the other parameters as described in 17 the is ~140 kJ mole -1 . From the continuum elastic model, if we look at changes in a few of the bilayer material properties in isolation: H B needs to change by only ~4%
to account for the observed results, the hydrophobic thickness by ~1%, the area compressibility depend not only on any changes in , but also on the changes in the protein/bilayer boundary associated with the conformational transitions underlying protein function, as well as the specific lipid environment⎯that is, the relative changes in and , and thus the change in . It therefore is not surprising that the magnitude, and even the direction, of the changes in a given phytochemical's effects will vary among different membrane proteins.
Only in the case of the gramicidin, and maybe the MscL, channels is there sufficient information about the transitions underlying the changes in channel function to allow a more detailed interpretation. In the case of the gramicidin channels, the hydrophobic length of the conducting channels (~2.2 nm [19] [20] [21] ) is less than the host bilayer hydrophobic thickness (4.0 nm for DC 18:1 PC/n-decane planar bilayers 27 and 3.4 nm for the hydrocarbon-free 
